INTRODUCTION
The fact that the fertilizing capacity of the spermatozoa of drones is preserved in the queen bee's spermatheca for years stimulates the question whether the spermatozoa are stored in a motile or immotile state. In the first case, a sufficient supply of energy-yielding substances and adequate conditions would have to be provided for high metabolic activity. whereas in the second case a depressed, energy-saving metabolism could be assumed. The state of sperm motility in the spermatheca is, therefore, indicative of factors relating to their longterm survival, such as their metabolism.
FLA ND E R S ( 1939 ) , who discussed various aspects of sperm transport and motility in the queen bee's reproductive tract, postulated that the spermatozoa are preserved in the immotile state in the spermathecal fluid. In contrast to this assumption, much earlier, I,z;y D rG ( 1 86 7 ) and Bx!ssr,au ( 1905 ) 
MATERIALS AND METHODS
Spermathecae were obtained from one-year-old fertile Italian queens (Apis !nellifica L. var. ligustica SPIN.) . They were detached from the sperm-duct after removing the last three abdominal segments with watchmaker forceps.
Mature Italian drones served as semen donors. The semen was obtained either by exerting a gentle pressure on the drone's abdomen (BtsHOP, 1920 ; MACKENSEN and ROBERTS, 194 8) thus causing an ejaculation, or from the vesiculae seminales dissected from the drone's reproductive tract. The latter procedure was chosen when it was desired to eliminate admixture of the contents of the mucus glands to the semen, as occurs during ejaculation.
To dilute the semen, usually, five pairs of vesiculae were immersed in o. 5 ml of diluent and the contents dispersed by gentle stirring. Attempts to entirely remove the tissue from the spermatozoa by centrifugation were unsuccessful, and resulted in a considerable decrease in sperm motility. Therefore, the sperm suspension was not always homogenous, and clusters of spermatozoa attached to tissues of the vesiculae seminales were present. fig. i and 2 ). After a few minutes, the entire contents of the spermatheca were found to be in rapid motion (pl. I , fig. 3 ).
In contrast, in spermathecae crushed after the removal of the spermathecal glands, dense masses of spermatozoa were observed in motionless bundles. In general, they remained immotile for periods of up to m minutes, at which point the diluent was added. However, in a few cases, a slight motion of the spermatozoa was observed, probably due to the fact that small fragments of the spermathecal glands were still attached to the spermatheca. fig. 1 -3 ). The spermatozoa were arranged parallel to each other in independently moving bundles, thus creating a swirling motion. Each bundle exhibited a wave-like motion ressembling an S-fortn which apparently resulted, according to R OTHSCHILD ( 1955 ) , from synchronous movements of the tails.
In diluted samples of semen obtained either from the drone or from the spermatheca, individual, circular-shaped spermatozoa were found outside the masses, in less crowded areas ( P l. 3 , fig, i ), exhibiting an undulatory movement of the tail perpendicular to their own axis. These undulatory movements acting on the circular-shaped cells often induced a rotation motion of the whole cell. Two or three undulating cells lying on each other presented the image of a rotating spiral.
In addition to individual cells appearing as rotating circles, snake-like forms were observed (pl. 2 , fig. 2 ), apparently the same as those described by S MIRNOV ( 1953 ) . Their motility, however, was usually less than that of the circular forms from which they had evolved. They represented cells which had somewhat lost vitality. This observation was supported by the fact that spermatozoa which detached themselves from the dense masses were always of circular form, while the snake-like forms appeared in areas more distant from the main sperm concentrations.
It was noticed that in all the motility patterns observed, the drone spermatozoa showed an undulation of the tail which resulted in stationary but not locomotory motion, except when the spermatozoa were diluted, in which case they tended to move from the densely packed and probably more viscous areas to those containing the diluent. It was impossible to determine whether the movement was active or passive.
When the spermatozoa were suspended in an isotonic solution the head and tail were of almost identical with and could hardly be distinguished from each other, as pointed out by SMI RNOV (ig 53 ). However, when observed with phase contrast, the head is darker than the tail. A spike-like processus (the acrosome, according to RoTasCHWD, zg 55 ), was visible at the anterior end of the sperm head ( P l. 3 , fig. 3 ). The end of the tail is tapered and can easily be distinguished from the anterior part of the sperm cell. When photographed after drying of the preparation, the head appeared to be slightly swollen and wider than the tail, exhibiting a rectangular capsule-like image ( P l. 3 , fig. 4 ( P l. 4 , fig. 2 ). In the next phase, the cells uncoiled, stretched out and became motionless. The occurrence of death of the cell at the end of the sequence was established, since no reactivation took place on addition of isotonic buffer solution.
In spermathecal fluid obtained from queen bees which died three hours prior to the dissection of the spermathecae, the spermatozoa were found to be motionless and could not be activated by the addition of buffer. The spermatozoa were stretched out and loops were present at the extreme end of the tails ( P t. 4 , fig. 3 ).
C. -Hydrogen ion concentration irc fluids from the reproductive organs of t7ae queen bee az2d drone
Since the activating effect of the accessory glands on the spermatozoa has been attributed to its neutralizing action on the acid spermathecal fluid (F LAND E RS , 1939 , 1950 ( P l. 4 , fig. 4 ). Though I,k!DrG did not mention that he observed live spermatozoa, there exists also the possibility that he obtained spermatozoa from crushed spermatheca. In this case the spermatozoa were activated either by the secretion of the spermathecal glands or by the fluid which served for the suspension of the spermatozoa.
F LAND E RS ( 1939 ) has opined that the spermatozoa are immotile in the spermatheca. His assumption was based on the postulation of L ILLIE ( 1919 ) , that the immotility of sea urchin spermatozoa in dense aggregates is due to their own respiratory CO 2 , Therefore F LANDERS , assuming the existence of a CO 2 gradient from the queen bee oviduct through the sperm duct to the spermatheca, caused by sperm respiration, concluded that the sperm would be immotile. This assumption has been widely cited ever since (SnoDGxASS, rg56 ; R U TT N E R , 195 6, rg6o ; G O ETZE, 1964 The activation of quiescent spermatozoa leaving the spermatheca for fertilization has been discussed by F LAND E RS ( 1939 ) . While Bx!ss!,AU ( 1905 ) believed that the secretion of the spermathecal glands supplies nutrients to the spermatozoa in the sper-(') p. 7 6 -« Allein es darf nicht unerwahnt gelassen werden, dass doch die wirbelnden Bewegungen del Zoospermien innerhalb der Samentasche keineswegs den Anblick gewahren, als ob die Fdden dem Lumen des Ausfahrungsganges zustrebten und nur durch die Contractionen des Samenganges abgehalten wurden, in dessen Lichtung vor-und durchzudringen. » matheca, and A DAM (rgt 3 ) assumed that this secretion serves as a medium for the spermatozoa passing from the spermatheca to the site of fertilization, F LANDERS was apparently the first to postulate that this secretion serves to activate the spermathecal spermatozoa. Since he assumed that the quiescence of the spermatozoa in the spermathecal fluid is due to an acid environment, he precluded the possibility that the secretion of the spermathecal gland is other than alkaline. However, our measurements show that the pH of the spermathecal gland secretion is approximately neutral.
In the present work it has been shown that the activation of the immotile spermathecal spermatozoa can be achieved by the secretion of the spermathecal glands, as well as by addition of buffer solutions varying widely in their ionic composition and in pH, or even by distilled water. These facts indicate that the activation of spermatozoa is due to a dilution effect per se and not to a specific component of the diluent.
The question now arises as to what are the possible factors responsible for the inhibition of sperm motility in the spermatheca. Although the work presented here does not encompass the causes of immotility of spermathecal spermatozoa, the following suggestions may be made, based on the fact that dilution per se activates the spermatozoa : a) high viscosity of the sperinathecal fluid ; l!) partial dehydration of the spermatozoa due to hypertonicity of the spermathecal fluid ; c) the presence of an inhibitor in the spermathecal fluid the activity of which may be diminished by dilution ; d) deficiency of oxygen in the spermathecal fluid. This last proposed mechanism seems less likely than the former ones, because the procedures employed in the preparation of the specimen should supply a sufficiency of aeration, at any rate at the edges of the semen drop.
It appears that all three types of motility -undulating mass movement, circular movement and snake like movement of individual spermatozoa -were independent of the source from which the spermatozoa were derived, i.e. vesiculae seminales, ejaculate or spermatheca, and were dependent only upon the state of their density. Similar patterns of movement have been described by other authors. BISHOP ( 1920 ) and R O T HSCHILD ( 1955 ) described a wave-like movement of masses of spermatozoa, while SmR!ov (1953) and KURENNOI (ig5 3 ) working with diluted semen suspensions observed the snake-like movement. F'!G ( 19 6 3 ) considers the circular shape of the spermatozoa in the spermatheca to be the result of a disease of the queen bee. The forms which have been presented by F'v G ( 19 6 3 ) and called by him cc circular » are not the same as those represented in the present work as circular (pi, 3 , fig. I (P IRSCH , 1923 ) and survive under a wide range of extreme temperature conditions (Knr,nBUCHOV, 1934 ; I,!rrsxv, 1964 b) .
The possible recovery of sperm motility after inactivation at o o C was mentioned by BISHOP ( 1920 ) Spermatozoa obtained from the ejaculates or from the vesiculae seminales were found to be motile In these samples, as well as in slightly diluted samples from the spermathecae, the spermatozoa were found to move in a swirling mass. In diluted samples from all sources, individual spermatozoa of circular and snake-like forms were observed. The pattern of motility and the shape of the spermatozoa were dependent upon the state of density and the tonicity of the diluent and not the organ from which they were taken.
The pII of the speriiiathecal fluid and of the spernmthecal glands was found to be 9 and 7 respectively. This negates the supposition that the immobilisation of spermatozoa inside the spermatheca is due to the accumulation of respiratory CO,, and 
